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1. NPONOTIOz

IKOTIOG TNG SUTAWMATLKAG Epyaciag elval n LEAETN UNXAVLIKAG OUUTEPLDOPAG
KOl A0TOXLWV OUVOETWVY HETAAAKWY SokwV pe xprion TexvnTtwv NEUPpWVIKWY ALKTUWV.
Mo ouykekpluéva to Bépa adopd peAétn olvBeTwy Sokwv Tumou sandwich pe
TupnVeG HetalAkou adpou (Sandwich beams with metallic foam cores).
Xpnolpomotlovuvtal melpapatika dedopéva 13 Stadopetikwy oxediwv dokwv idlou
TUTOoU, amo TNV €peuva twv (.M. McCormack , R.Miller, O.Kesler, L.J. Gibson
®eBpouaptog 2000). Elval onuavtiko va kaboplotel n evalocbnoia tng Suvaung
KATAPPELUONG TNEG SOKOU KL N a.oToXia o€ oxéon UE Ta SOULKA XOPAKTNPLOTIKA TNG.
ZtnV SUTAWHATLKY OUTH XPNOLUOTIOLOUVTAL VEUPWVIKA SiKTUA TIOAAWY CTPWOEWV
(Backpropagation neural networks) kat yla tnv eniluon Twv aplOpnTIKWY
napadelypatwy xpnotponotovvtal ta Neupwvikd Aiktua tng Matlab kat o
ouykekplpéva to mpoypappa Neural Network Fitting Tool.

QG €l00860 €LOAYOUE T YEWUETPLKA XAPAKTNPLOTIKA TwV 13 oxebilwv tTwv
S0KWV , OTwG HAkog L, mAdtog b, maxog t kAm. Kal wg £é€06o naipvoupe pia oepd
TELPAMATIKWY LETABANTWY Suvapewv oe StadopeTikd onpeia epappoyng doptiou.
Etol €xoupe evav mivaka Sedopévwy eloddou 8x13 omou Ba xpnaotpononBouv wg
Sdebdopéva el0odou input data kal Evav mivoaka Sedopévwy emBupunTwWyY HeTaBAntwy
€€060u 9x13 omou Ba xpnotuonotnBolv wg dedopéva target data mou adopoulv ta
doptia mou ackoL e o€ kKABe oxédlo.

KaBw¢ Aowmov ekmadevoupe to NeupwVLIKO AIKTUO EMLOLWKOUUE TNV OUYKALON
TwV LKWV Tou anoteAecpdtwy output data pe ta emBuUNTA IOV TOU £XOUUE OploEL
gUELS. Mauto tov tpomo to diktuo Ba umopel va xpnotpomnolnBel yia tnv mpoPAedn
avToxXNG GopTiwy Kal HNXAVIKAG amoKpLong Twv SOKWV avAAoyad E TO EKACTOTE
ox€dlo-6laotdoelg TéETolwy oLVBeTWY Sokwv autou Tou TUTOoU.



2. TEXNHTA NEYPQNIKA AIKTYA

H HeA£TN UTTOAOYLOTIKWY CUOTNUATWY, OV Baciletal og MPOTUTIA TOU
avBpwrnivou Eykedalou, ékave ta mpwta tng frpata to 1943 anod toug McCulloch
kal Pitts oL omoiotl oxedlaoav To MPWTO VEUPWVLKO SikTUO. BaOLKA XOpaKTNPLOTIKA
Tou avBpwrivou eykedalou eival n avayvwplon Mpotunwy (pattern recognition), o
OUVELPUOG, N TTOAUTTAOKOTNTA KOL | OVEKTLKOTNTA 0To Bopufo.

Ta Texvnta Neupwvika Aiktua (TNA) yevikwe mapouotalovtol wG cuUoTHUaTa
oaAAnAocuvSedUEVWY VEUPWVWY OTOU avtaAldocouv mAnpodopieg peTall Toug.
MpwTtapxLkog otoxog Tou TNA eival va pmopel va emAUCEL CUYKEKPLUEVA
npoBARuata f va emuteAel and HOVO TOU OPLOPEVEC SLEPYAOLEG TL.X. avayvwpLon
ELKOVWV. Mo va Umopel OPWE val YIVEL AUTO IPETIEL TIPWTA TO SLKTUO va EXEL
EKTIOLOEVUTEL KATAAANAQL.

[ep1farirov | Exnondevnig
EmBounm
eZod0c
Awrvvoua
KATaoTacng [Mparypatikn
T £20b0c -
TNA =
> p— L)
N

Zhua COAANaTOS

H pabnon yivetal pe tnv xprion kamnolwv napadelypdtwy eknaidsuong kat
€vVOG aAyopiBuou ekmaibevong kat €xeL w¢ amotéAeopa tn BeAtiwon tng anddoong
ToU SLKTUOU. AUTOG 0 aAyopLBuoG eival pla emavaAnmtiky dtadikacia pe tnv omola
oaAAalouv oL mapapetpol (Bapn) evog NeupwvikoU ALKTUOU £TOL WOTE va LELWOEL To
opAaApa peTafl eMIBUUNTAC KAL TTPAYUATLKNC €€060U TOU SLKTUOU. 3TN Hadnon
Sivovtal oto Siktuo levyapla Stavuopatwy eloddou (inputs) — emBupuntng e€660u (
targets) kal auto mapAyeL, e TNV TPEXOLOA kataotaon Bapwyv , pa £é€odo (output)
TIoU apXLka StadEpel amod tnv embupuntn . Auti n dtadopad ovopaletal opaipa
(error).



2.1 EQAPMOrIEZ NEYPQNIKQN AIKTYQN

Ta Texvnta Neupwvika AlKTua XpnoOLUOTIOLOUVTAL EUPEWC TA TEAEVAia Xpovia
o€ 81adopoug ToHE(G AOyw TNG UTTOAOYLOTLKAG TOUG TaXUTNTAC, TNG LKAVOTNTOG
OVTLUETWTILONG TIOAUTIAOKWY N YPOAUULKWY AELTOUPYLWV KAL TNG LKAVOTNTAC TOUC VAl
avayvwpilouv TIC OXEOELG HETAEL TTOOOTHTWY OL oTtoieg eivat SUoKoAo va
povtehomolnBouv.

BioAoyia: BonBela otnv katavonon tng Asttoupylag tou eykedpaiou, dnuoupyia
HOVTEAWYV yLa TNV OpOON).

FewAoyia: avaluon tng mBavotntag Uapéng MeTpeAaiov o€ yEWAOYLKA TTETPWHATA,
OVAAuon METPWHATWY OE opuxia.

latpikn: avaAuon oULALOG YLOL TNV KATOOKEUN OLKOUOTLKWY Bondnudatwy,
napakoAouBnon gyxeipnong, avayvwon aktwoypadlwyv, avtopatn Stayvwaon Kol
Bepaneia anod cuuntwpata, TPoBAEPEeLS yia avildpdoelg opyaviopuwy otn Andn
dapuakwy, mpotacn KAtaAANANG papUAKEUTIKAG AywWYAS LE BACH TA CUMTTTWHOTA
aoBevn.

Biounyavia: AUTOUATOTOLNGN POUTTOOT KL CUCTNUATWY EAEYXOU, EAEYXOG XN UKWV
Slepyactwy, EAEYXOC 0TN YPAUUN Tapaywyng, EMAOYAN aVvTAAAAKTIKWY KOTA TV
ouvappoAoynon, Blopnxavikog éAeyxog moldotntag, pLuOuLon nAektplkol popTiou,
epapuoyEG o€ oxnuaTa.

Eneéepyaoia onuatwv: Adaipeon BopUBou amod tTnAePwWVLIKH YPOUUN,
povteAomoinon ofuatoc.

YroAoytotég: Avayvwplon mpoTUTIwY T AUTOUATN avayvwplon Xelpooypadwv
XOPOKTAPWY, AVayVWELoN TIPOCWITOU Kal ¢wvhC, NAEKTPOVLIKA TaLyvidia
MeptBaAdov: Npdyvwaon Tou KaLpoU, avaAucn KALPLKWVY cuvOnKwv



o Agpomdoia: Anuloupyila AUTOPOTWY TIAGTWV KAl TIPOYPAUUATWY TIPOCOUOLWaNg
TITAONG, CUOTAHOTA EAEYXOU TITAONG, OVIXVEUON EAQTTWHUATWY OE THAMOTA TWV
OEPOTAAVWV

e Auvva: Kwdikomolnon onuatwy pavtap, avayvwplon Kat mopakoAouBnaon otoxwy

o Owkovoulio: MPOPAeYPN TIUNG LETOXWYV, AVAAUON ETLKLVOUVOTNTAG Saveiwy,
afloAoynon enevdUOEwWY, AVIXVEUON AMATNG OE NAEKTPOVIKEG CUVAAAAYEG, EKTLUNON
alog akwhAtwy.

3. 2YNOETOI AOKOI TYNOY SANDWICH ME NYPHNEZ
METAAAIKOY AOPOY (Sandwich beams with metallic foam
cores)

H Bewpla sandwich meplypadet tnv oupmnepipopad prag Sokou,mAakag (panel)
k€Audoug 6mou amoteAeital anod 3 otpwpoata. Ta 2 mou gival ta ¢UAAA pocoPng
Kall éva OTPWHA TIOU Elval 0 TTUPAVAG.

Mupnvac turmou kepudpa (honeycomb-core)

H peAétn tng Bewplag twv Sokwv sandwich eival onpavtiki yia Tov oxedlaopuo
KOl aVAAUON TWV KOTAOKEUWV sandwich Omou xpnotpomotlouvtal Katd KOpwV otn
Blopnyxavia yLo KATOOKEUT KTNPLWV , KATAOKEUH OXNHATWY Kol oTtn unxovikn Yuéng
yla TOUELG OTIWG OlEPOVAUTINYLKN.
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i
H L H
Aokog sandwich ue @optio KAUYNS TpLWV onueiwv

Baoko mAeovekTnUa elval OTL Ta oTolxela TG S0KoU Kal Twv dLatopwy eival
ano ocuvOeTa UALKA. ZuvnBwg amoteAolvTal and XopUNANG EwWE HETPLOG OKANPOTNTAC
Tluprva o onoiog cuvdEeTal pe 2 e€wTteptkd SUokaunta GUAAa TpocoPng. AUTo €XEL
w¢ anotéAeopa uPpnAotepn Statuntikn Suokappia kat avtoxn ebeAkuopoU, ot
oxéon avaloyiag Bapoug, amno pia toodvvapn 6okd Gtiaypévn eite LOVO Ao UALKO
TOU TTUpAVA (1€ HOVO TWV EEWTEPLKWV GUAAWV.

ItV MEPLMTTWON HaG 0 TUPAVAC EXEL LETAAALKO TTUpAVA KAl amoTeAeital ano
adpd aloupwviou. Auto €XEL WG ATOTEAECUA TO avanoomnacto dépua e€aleidovtag
TNV avAaykn cuyKOAANoNG e KOAAQ KoL ETOL LG ETUTPETEL VAL XpnoLpomnolnBel oe
epappoyécg pe vPnAdtepeg BepUOKPATLEG.

4. MNEIPAMATIKH AIAAIKAZIA

Itnv netpapatikn Stadkaoia dSokipacape 13 oxedia Sokwv pe StapopeTikd
VEWUETPLKA XAPOAKTNPLOTIKA 8 LETABANTWYV KAl THPOE avTloTolxwc doptia
Suvapewv 9 petaBAntwy. EMopévwe ta Sedopéva Ll00S0U PaAC OTO VEUPWVLKO
Siktuo Ntav évac nivakag 8x13 kat ta emBbupnta dedopéva target évag mivoakag
9x13.

YT1G SOKLUEC TToU £yvayv Tipape poptia KAUP NG os Tpla onNUEla HETPWVTOG
£TOL TNV akop o Twv SoKWV OTav UTIAPXOUV KoL 0Tav v umtapxouv poptia
duvapewv. Eniong mApape LETPAOELS TNG HEYLOTNG SUVAUNG oTNV omola EeKVAEL n



ootoyia (avtloTolyel 0TOU ONUELO OTIOU N KAUTTUAN EKTPOTING PpopTiou yiveTaLl pn
YPOUULKNA) KoL TO oplako ¢doptio avioxng tng S0kou (TToU avTLOTOLXEL OTO HEYLOTO
HeTPN oo doptio).

H aotoyio udiotatal e Touc akOAouBoucg TpOTouC:

i) MAaotikng mapapopdwaong puAlov npocoyPng
i) Zdpwua A tomikn dtoykwon npécoPng

iii) MAaotikA mapapdpdwon nupnva

iv) 086vtwon onpeiov poptwong

o face yield

l

e face wrinkle

/ core failure \

indentation



4.1 METABAHTEZ

a (mm) Mnkog onueiov poptwaong

L (mm) Mnko¢ S0KoU ECWTEPLKA £WC TO a

H (mm) Méco ouVOALKO pnkog dokoU-SoKLULoU

b (mm) MAdtog SokoU SokLuiou

t (mm) MNaxo¢ dUAAwV mpoéooPng

¢ (mm) Maxo¢ LootpormikoL Tupnva
t/L Avaloyia rtaxouc GUAAWVY TPog prkog L
c/L Avaloyia mdxoug uprAva tpog ukog L

Pfy(kN) OpLako doprtio yla mapapopdwon puAAou
y npocoyng

Pfw(kN) Zapwpa mpocoPng oTo 6pLo EAACTLKOTNTAG

Pey(kN) Qoprio evapéng napapopodwong mupnRva

Pind(kN)

Inuelo évapéng aotoxiog odoviwaong

Calculated initial failure load
(kN) YroAoylopévo apxLko poptio actoxiag

Observed failure loads (kN)
test1 MNapatnpoupevo ¢optio aotoyiag teot 1

Observed failure loads (kN)
test 2 MNapatnpolpevo ¢optio actoxiag teot 2

Observed failure loads (kN)
test 3 MNapatnpoupuevo doptio actoxiag teot 3

Average initial failure load (kN) | M£oo apyikod poptio actoyiag amd actoyieg
of failures by predicted mode | mpoBAenopevou poviélou
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5. NEURAL NETWORK FITTING TOOL

Mo TNV Snuoupyla Kal eKMAdEVON TOU VEUPWVLKOU MOG SIKTUOU XPNOLLOTIOLOUUE
TO akoAouBo mpoypappa tng Matlab kat cuykekplpéva tng ékdoong R2015a.
Apxikd avoiyoupe tnv Matlab kat matdpe tnv kaptéha APPS mou Bpiokete mavw mavw
Kall 0Tn ouvEXeLa eTtAéyoupe To epyaleio Neural Network Fitting Tool .

AUEOWC HETADEPOUOOTE OTO TTAPOKATW TTAPAOUPO KAl TTATAUE next

- —Z3 ]
- =T
4\ Neural Fitting (nttml) - a - 'y - . a

@ Welcome to the Neural Fitting app.

Solve an input-output fitting problem with a two-layer feed-forward neural network.

Introduction Neural Network

In fitting problems, you want a neural network to map between a data set Hidden Layer Output Layer
of numeric inputs and a set of numeric targets,

Input Output
Examples of this type of problem include estimating house prices from =
such input variables as tax rate, pupil/teacher ratio in local schools and
crime rate ; estimating engine emission levels based on

measurements of fuel consumption and speed ;or
predicting a patient's bodyfat level based on body measurements

A two-layer feed-forward network with sigmoid hidden neurons and linear
output neurons . can fit multi-dimensional mapping problems

The Meural Fitting app will help you select data, create and train a network, arbitrarily well, given consistent data and enough neurcns in its hidden

and evaluate its performance using mean square error and regression layer.

analysis.
The network will be trained with Levenberg-Marquardt backpropagation
algorithm . unless there is not enough memeory, in which case
scaled conjugate gradient backpropagation will be used.

B To continue, click [Next].

e welcome ® oo | [Bn] [

=

11



ESw to mpoypappa pog {nta va eloayoupe ta dedopéva eloddou Input kol Ta
Sdebopéva target. EGw Aomov yia Input €xoupe tov mivaka 8x13 e TA YEWUETPLKA
XOPOKTNPLOTIKA OTwG poavadEpOnke kat yia Target tov 9x13 Ue TG TIHEG TwV
SUVAUEWV.

4\ Neural Fitting (nftool) & = . » o® . =la

Select Data

P

What inputs and targets define your fitting problem?

Get Data from Workspace

Input data to present to the network.

U Inputs: input
Target data defining desired network output.
[0] Targets: target

Samples are; @ [m] Matrix columns

‘Want to try out this tool with an example data set?

Load Example Data Set

7] (]
S|

[51 Matrix rows

Summary

Inputs ‘input’ is a 8x13 matrix, representing static data: 13 samples of &
elements,

Targets ‘target’ is a 9x13 matrix, representing static data: 13 samples of 9
elements.

$ To continue, click [Next].

[ & Neural Network Start I [ 144 Welcome

[ ®@Back |[ D Net | [ D Cancel |

JUYKEKPLUEVA YLO TNV ELOAYWYN HOU O Ttivakag pe to dedopéva elodb0u

e 'g\\' E __j: input data - Microsoft Excel
—/ Home Insert Page Layout Formulas Data Review View
i ‘* Calibri -l (A | E = =8| | SiweeTed General - ﬂ % l_;'ﬂ" jluln“
EEY == 3 3% Del
Pﬂfte 7 || EadMerge & Center ~ ||| %~ %+ [|%0 5% é”rq_lda‘a?nﬂgﬂl a:"l]';rglaet' st;i': . :j For
Clipboard = Font F] Alignment (F] Mumber F] Styles Cel
05 - Je |
A B B D E F G H I 1 K L M N
1 19.5 31 1.55 19.5 31 45 125 155 25 40 19.5 40 40
2 176 292 132 185 293 410 125 158 250 392 182 352 397
3 11.5 171 9.33 19.7 R 5.7 16.6 26.1 35.3 25 11.2 215 27
1 0.5 0.5 0.79 0.79 0.7 0.79 1.24 1.24 1.24 1.24 1.96 1.96 3.98
5 40 40 31 30 29 30 24 23 23 24 24 24 24
6 40 40 31 30 29 30 24 23 23 24 24 24 24
7 0.00285 | 0.00171 | 0.00598 | 0.00427 | 0.0027 | 0.00193 | 0.00952 | 0.00785 | 0.00456 | 0.00316 | 0.01077 | 0.00557 | 0.01003
8  0.22752 | 0.13699 | 0.23485 | 0.16216 | 0.09898 | 0.07317 | 0.152 | 0.14557 | 0.052 | 0.06122 | 0.13187 | 0.06818 | 0.06045
9
10

12



Kat o mivakac pe ta dsdopéva target

B C D E F G H | J K L M
1 Target data
2 2.81 5.76 3.84 2.26 1.73 5.45 3.94 2.49 1.74 5.61 29 4.56
3 101 213 14.2 8.39 6.42 212 15.4 9.71 B6.75 23 119 214
4 273 2 1.83 1.61 1.59 1.21 1.11 1.09 113 1.22 119 1.21
5 1.72 0.996 1.09 1.41 1.91 0.908 0.944 1.18 1.61 1.43 1.95 2.91
6 1.72 0.996 1.09 1.41 1.59 0.908 0.944 1.09 113 1.22 119 1.21
7 1.18 1.25 1.16 0.86 0.66 0.74 0.63 0.82 0.68 1.22 0.9 0.64
8 1.11 1.21 0.79 0.7 0.62 0.68 0.52 0.7 0.64 07 0.88 0.71
9 1.23 1.49 0.97 0.88 0.7 1.02 0.98 0.7 0.51 0.76 0.87 0.65
10 1.15 1.31 097 088 07 0.81 071 074 061 0.89 088 067
11

Ev ouvexela, adol €xoupe eLoAYEL TOUG TIIVAKECG TIPOXWPAUE OTO EMOUEVO Brua
Tou eival n eknaibeuon Tou VeEupwVIKOU SIKTUOU pag. Mo CUYKEKPLUEVA TO SIKTUO
XPNoLomoLel To 70% Twv MapadelylATwy pag yla eknaideuon, to 15% ylo emkupwon n
omola glvatl umevBuvN Kal yLa TOV TEPUATLOMO TNG ekmaideuong kot TEAOG To UTIOAOLTTO
15% xpnoLpomoLeital yLa Tov TEAKO €Aeyxo Tou Siktuou pag. H dtadikacia yivetoat
KaAUTEPA aVTIANTITH apyotepa Ue Ta Stadopa ypadiuata mouv mapouaotalovradl.

[ o =HRCN X
[EmE "9 (n_GO) : - W N [ ) .
Validation and Test Data
Set aside some samples for validation and testing.
Select Percentages Explanation
a Randemly divide up the 13 samples: & Three Kinds of Samples:
[} Training: 70% 9 samples a Training:
L r 1 These are presented to the network during training, and the network is
@ Validation: | 15% = 2 samples

adjusted according to its error,

w Testing: | 15% | 2 samples
' ’ G Validation:

These are used te measure network generalization, and to halt training
when generalization stops improving.

w Testing:

These have no effect on training and so provide an independent measure of
network performance during and after training.

Restore Defaults

$ Change percentages if desired, then dick [Next] to continue.

’ &g Neural Metwork Start ] ’ 14 Welcome l ’ 4@ Back ” B Next ] ’ I'@Car'lrr.el ]

13



MNapakdtw BAEMOUNE WG Elval OXESLAOTIKA TO VEUPWVLKO pag SiKTuO oTO
omolo €xoupe aplOUd elcodou 8 otolxeia-Sedopéva kal wg €€odo target-output
€xoupe 9. Eowtepika to dikTUuo pag anoteAeital ano 2 puAAa (layers) 6moub to
kaBéva amoteAeital and 20 veupwvec. Exoupe tnv Suvatotnta va mapEPBOUE oTOV
apLOUO TWV VEUPWVWYV OTIWG EUELG ETLOUMOU UE.

g\ Neural Fitting (nftool) EE
R R R RS —I—SmSECECEC—CEG=m———m—m—SmE—.——BEBEBEbBEBEEBEEBEBEBBBDBBBBDDDDDDDDDDDDBBBDBXyyyLrrD——BBB>>_Bj—_—_—b_w__—h,,
J—A Network Architecture
I Set the number of neurens in the fitting network’s hidden layer.

Hidden Layer Recommendation
Define a fitting neural network.  (fitnet) Return to this panel and change the number of neurons if the network does

X not perform well after training.
MNumber of Hidden Meurons: 20

Restore Defaults

Neural Network

Hidden Layer Output Layer

$ Change settings if desired, then dick [Mext] to continue.

[ s Meural Network Start ] [ K Welcome [ 4@ Back ][ B Next ] [ @Cancel ]

MA€ov elpaote €tolpol matwvtag to Next yivetal n dnuioupyia Tou veupwvikol
Siktoou.
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Edw €xoupe tnv duvatotnta va emAEEou e Tov aAyopLBuo eknaidevong tou TNA pag
Kal epels emAéEape Tov Levenberg-Marquardt. Matape tnv emtdoyn Train kat EeKvael
n exnaidevon.

FLULDE

et e e ——— | =

Train Network
Train the network te fit the inputs and targets.

Train Network Results
Choose a training algorithm: &% Samples MSE R
iLevenkera-Marauardt ] ~ | W Training: 2 :
a Yalidation: 2

This algorithm typically takes more memory but less time. Training .
automatically stops when generalization stops improving, as indicated by L Testing: 2
an increase in the mean square error of the validation samples.

Train using Levenberg-Marquardt. (trainlm) Plot Fit Plot Errer Histogram

o Plot Regression

M MNotes
%y Training multiple times will generate different results due Mean Squared Error is the average squared difference
te different initial conditions and sampling. between outputs and targets. Lower values are better. Zero

MEeans No error.

Regression R Values measure the correlation between
outputs and targets. An R value of 1 means a close
relationship, 0 a random relationship.

0 Train network, then click [Next].

[ & Mewural Metwork Start ] [ Kl welcome = Mext

Metd amnd kamola SeutepOAENTA TTALPVOUE T akOAouBa amoteAéopata.
Omnou MSE (Mean Squared Error) givat n péon dtapopad petafl Twv outputs Tou
VEUPWVLKOU KoL TwV targets mou B£oape wg emBupunta oto tetpdywvo. Oco
HULKPOTEPEG ELVAL OL TIHEG QUTEG TOOO TO KAAUTEPO, EVW AV EXOUUE Undevikn Stadopa
HETaEL autwy tote Sev €xoupe AaBn (errors). H mapduetpocg R(Regression value)
YroAoyilel tnv ox€on petall outputs kat targets. Mia tTiun R kovtd oto 1 onuaivel
OTL £XOUV KOVTLVA OX€0N, EVW ULa TR Kovtd oto 0 onuaivel 0tL n oxéon HeTafl Toug
elval tuxatia. Ze auToO TO onueio pmopou e va emaveknaldeVoou e To SIKTUO pag av
TOL ATMOTEAECUATA AUTA SEV AC LKOVOTIOLOUV.
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Y€ aUTO TO OTASLO €£XOUHE TNV SUVATOTNTA VO EMNPEACOUUE OAEG TLG
TIPONYOULLEVEG TTAPAUETPOUG EEKLVWVTAG Eava TNV ekmaideuon Tou diktuou, TNV

PUBULON TWV VEUPWVWYV AUTOU Kol TEAOC TNV ELCAyWYN TOU HeyaAUTEPOU aplBuol

6ebopévwy yLa KAAUTEPA AMOTEAECUATAL.

_——— —
— -
@ Evaluate Network
Optionally test network on more data, then decide if network performance is good encugh.
3
Tterate for i oved performance Optionally perform additonal tests
Try & n if a first try did not generate good results B Inputs: (none) hd E]
or you ire marginal improvement. @ T I]
argets: -

& Train Again
g

Samples are:

Mo inputs selected.

size if g did not help.

Ed Adjust Network Size

Mo targets selected.

Mot working? You may need to use a larger data set.

[ % import Larger Data set |

B rmse
- r

Plot Fit

nene)

@ [m] Matrix columns @ [E] Matrix rows

@ Test Network

Plot Error Histogram

Plot Regression

o Select inputs and targets. dick an improvement button. or click [Next].

[ M4 weicome |

[ &% meural Network Start |

[ #mBack |[ = nNext | [ @ canca |

TEANOG €XOUUE TNV AMOBAKEUON TWV ATIOTEAECUATWY HOG OTO OPYLKO
napabupo tng Matlab workspace kat emAéyou e Kal TIG eMIAOYEG save inputs Kat

save targets .

-
‘\ Neural Fitting {nftocl) —

Save Results

[ Generate MATLAE scripts, save results and generate diagrams.

Generate Scripts

Recommended > > Use these scripts to reproduce results and solve similar problems.

Generate a script to train and test a neural network as you just did with this tool:

Generate a script with additional eptions and example code:

() simple Script
IJ Advanced Script

Save Data to Workspace
- Save network to MATLAB network cbject named: net
Save performance and data set information to MATLAB struct named: info
=1 Save outputs to MATLAB matrix named: output
x Save errors to MATLAB matrix named: error
[ 3 Save inputs to MATLAB matrix named: input
@ Save targets to MATLAE matrix named: target
EI [ Save ALL selected values above to MATLAB struct named: results
Restore Defaults | | & Save Results

@ saveresults and dlick [Finish).

[ @ Neurl Network start | [ Hil welcome

e
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Me to mou teAelwoel n Stadikaoia tng ekmaidevong epdaviletal to akdéAoubo
napabupo omou devetal to TNA. Eniong BAénoupe tov Staxwplopd dedopévwy Data
Division o omotog eival tuxaiog Random (dividerand) yia ta 6edopéva mou elodyape

KoL ToL targets,0 aAyOpLlOpoG o XpNOLHOTIOLRCAE Yia TNV ekmaldeuon mou eivat o

Levenberg-Marquardt, kat n enidoon touv diktuou performance: Mean Squared Error

Mo KATW UEPLKA OKOMO OTOLXELD TNG EKTALdEVONG OTIWE O APLOUOG
enavaAnewy (iterations), o xpovog mou mrpe yla tnv ekamnidevon kat Sedopéva
enidoog 6wg kAlon (Gradient) kaBwg eiktng Mu kol 0 ApLOUOC ETILKUPWOEWV

(Validation checks). Ztn cuvéxela maipvoupe T ypodRUATA TIATWVTOC OTLC ETUAOYEG
Performance, Training State , Error Histogram kol Regression.

4\ Neural Network Training (nntraintool

Neural Network

Hidden Qutput

53l 53

Algorithms

Data Division: Random (dividerand)

Training: Levenberg-Marquardt (trainlm)
Performance: Mean Squared Error  (mse)
Calculations:  MATLAB

1000

| 1.00e-07

Progress

Epoch: 0| fi iterations

Time: 0:00:00

Performance: 353 l:l 0.00
Gradient: 513 1.67e-12

Mu: 0.00100 1.00e-09

Validation Checks:

0 (I

Plots

(plotperform)

Training State (plottrainstate)

Error Histogram (ploterrhist)

Regression (plotregression)

Fit (plotfit)

Plot Interval: U 1 epochs

v Minimum gradient reached.

1.00e+10
6

@ Stop Training @ Cancel
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5.1 AIATPAMMATA TEXNHTOY NEYPQNIKOY AIKTYOY

210 mpwto dlaypappa natwvrag Performance BAénoupe 3 cuvaptnoels. Tng
EKTIOLOEVONG, TNG ETLKUPWONG Kal TOU EAEyxou. EMiong e SLaKEKOUUEVN VPO
daivetal to 1daviko onueio Tng ypadikig mapactacnc. Ta anoteAéopata ival
LKOVOTIOLTNTLKA KaBwC:

e To teAko6 mean squared eival pikpo
e H ypopuun tnG EMKUPWONG KOL N YPAUUA TOU EAéyxou €xouv mapouoLa

XOPOKTNPLOTLKA.
L_H;_ta I il |-
- z Neural Network Training Performance (plotperform), Epoch 6, Minimum gradient reached. L =[ul=] ﬂ
J* Eile Edit VNiew Inset Tools Desktop Window Help a
] Best Validation Performance is 0.29155 at epoch 1
[ :
Train |
100 TNGe—— Validation —
Test
= | TN e
w
=
o 107°[
=
w
=
a6}
=
o
g
pr 10—1{) L
=
1]
)
=
1D-15 L
0 1 2 3 4 5 6

6 Epochs
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Itnv emtloyn training state mapouoialovtal ta akoAouBa dtaypappota TG

enidoong Tou veupwvikoU. To mpwto adopd tnv kKAlon (gradient), to SeUtepPo TOU
Seiktn Mu Kal To TpLto TNV AavBaouévn emklpwaon.

N

I'Ilfu'
| Aot i i it = g
|4 Neural Network Tralr:E ;ler‘u-rE SE{E (plottrainstate), Epoch 6, Minimum gradi..
File Edit View Inset Tools Desktop Window Help
-
| o Gradient = 9.0476e-08, at epoch 6
10 T T T T T
=
&
9 100
a \
10710 : : : : :
Mu = 1e-09, at epoch 6
100 - - ' - -
=
£ 0%
10-10 : : ‘ : :
Validation Checks = 5, at epoch 6
5 T T T T T

MNatwvtag tnv emthoyn Error Histogram maipvoupe to akéAoubo Staypappa.

4] N | Metwork Training E H'W iEIoterh'st Epoch 6, Mini dient hed. [‘3' @g
sl eura a ralnﬁ rror ram r‘l }, pocl r‘II'II"’\I.II'I"I gradient reac
Eile Edit View Inset Tools Desktop Window Help |
Error Histogram with 20 Bins
50k
-Training
[ validation
I Test
40 - z
‘ero Error

Instances

I B B R R
Eﬁmqgim-—_f:whmgﬁ
R . T

:

Errors = Targets - Outputs

0.1194

0.5934

1.068
1.542
2.0M8

249
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T€Aog emiAéyovtag to Regression mapouaotalovrtal ta akoAouBa
Staypappata.To mpwto adopad tnv dtadikacia TG eknaideuong, To SeUTEPO TNG
ETLKUPWONG, TO TPLTO TOU EAEYXOU KaL TO TETAPTO Ta MEPAapPBaveL OAa. MmopoU e
va doupe tnv wdavikn (fit) euBela mou €xel kABe Eva amo ta dtaypdppata, aAAd Kol
ta dedopéva data mwg Telvouv aUTA va TNV INOLACOUV.

| |#.| Neural Network Training Regression (plotregression), Epoch 6, Minimum gradient reached.
File Edit View Inset Tools Desktop Window Help L
]
-
N - T
; Training: R=0.98094 Validation: R=0.99339
= = v o]
i o~
[ = g
< =]
+ +
-t )
o @
o =
—_
] m
e &
A -
- -—
! '
-t )
3 a
= e
=] 3
o O
5 10 16 20 25 5 10 15 20 25
Target Target
Test: R=0.98404 All: R=0.98082
© ' o -
™ 5525 O  Data
o = Fit ©
+ =]
- +
o)
o @
—
© 2
= ]
i &
o =
s =
'= -,-
E E
3 a
= =
= 5
o o
3 10 15 20 25 5 10 15 20 25
L Target Target
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5.2 ANOTEAEZMATA NEYPQNIKOY AIKTYOY (OUTPUTS)

.2€

Uou pag
€¢ oV ToU

Seuon tou Skt

PEL HETA TNV EKTIOL

,

1]

1]

€0MATO AUTA €£XOUV TIPOKU

To artoteA

Anolalouv TIG TLUE

1]

1

doUue av autd 1t
€odo (targets).

1]

EpeLva

L Slad

1

OUTO TO ONUELO pag eV

1]

’

1
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5.3 TPAO®IKH ZYITKPIZH OYTPUTS ME TARGETS

JUYKEVTPWTLKOG TiivaKkag SeS0UEVWV.

B C D E F G H | J K L M

1 Target data

2 2.81 576 3.84 2.26 1.73 545 3.94 2.49 1.74 5.61 29 4.56

3 10.1 21.3 14.2 8.39 6.42 21.2 15.4 971 6.75 23 11.9 214

4 273 2 183 161 1.59 121 111 1.09 113 122 119 1.21

5 1.72 0.996 1.09 1.41 1.91 0.908 0.944 1.18 1.61 1.43 1.95 2.9

6 1.72 0.996 1.09 1.41 1.59 0.908 0.944 1.09 1.13 1.22 1.19 1.21

7 1.18 1.25 1.16 0.86 0.66 0.74 0.63 0.82 068 1.22 09 0.64

8 1.11 1.21 0.79 0.7 0.62 0.68 0.52 0.7 0.64 0.7 0.88 0.71

9 1.23 1.49 0.97 0.88 0.7 1.02 0.98 07 0.51 0.76 0.87 0.65
10 1.15 1.3 0.97 0.88 0.7 0.81 0.7 0.74 0.61 0.89 0.88 067
11

12 Output data

13 4.51703 5.29064 4.16798 2.491 1.70206 5.41931 4.8163 2.15216 1.61131 5.65191 2.85461 4.29874
14 157781 27.4549 14965 10.047 812227 23.2878 13.8203 9.4468 9.57004 24.7527 142713 18.6732
15 3.19635 3.10021 2.49062 1.78941 2.07 2.13457 1.86022 1.15112 1.44087 176382 1.37759 1.05357
16 1.74398 1.39157 0.90226 1.6057 2.34263 0.51836 0.36633 1.10477 2.18256 1.00432 2.43726 2.57608
17 1.15085 1.0432 1.03806 1.14582 1.21168 1.23847 1.10413 1.16405 1.22685 1.40848 1.35826 1.52102
18 1.58124 0.91373 1.13395 0.99451 0.79924 0.91943 0.82819 0.77757 0.75994 1.15715 0.94649 0.86274
19 1.63565 1.70239 1.4056 0.9929 1.03044 1.44709 1.27582 0.87452 0.7749 1.10256 0.79083 0.96593
20 1.18876 1.13451 1.04679 0.82061 0.49638 0.82165 0.68867 0.74427 0.64863 0.73261 0.84637 0.97017
21 0.90439 0.90868 0.92957 0.74786 0.62886 0.93453 1.05041 0.95114 0.64867 0.92899 0.78555 1.12757
22

MNapatnpoUl e TNV ypadik cUYKPLON ATMOTEAECUATWY TOU VEUPWVIKOU pag Siktuou
(outputs) pe kokkvn ypapun pe to dedopéva ou €Xxoupe oploel epel wg emBupnta
(targets) pe umAe ypappn kat BAEMOUME WG ouYKAlvouv apkeTd ota Stadopa oxedla
Sokwv.

Design 1

25

20 A
s /AN

. 77N\
/

v

0 IS

1 2 3 4 5 6 7 8 9

=—@—Target == Output
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Design 2

20
) PAN
10
5
0 — |
2 3 4 5 6 7
=—¢—Target =lll=Output
Design 3
30
. /\\
10
2 3 4 5 6 7 8 9
=@—Target =ll=Output
Design 4
20
15
10
5

2 3 4 5 6

=@=—Target === Output

7
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Design 5

15
10
5

1 2 3 4 5 6 7 8 9

=—¢—Target =fll=Output
Design 6

10
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° /.\\
4
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0

1 2 3 4 5 6 7 8 9

=—@—Target == Output
Design 7
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=@=—Target === Output
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Design 8

20
15
10
5
0 \*—.ﬁg: e ]

2 3 4 5 6 7

=¢=—Target === Output
Design 9

15
10
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2 3 4 5 6 7

=—@—Target == Output
Design 10

15
10
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2 3 4 5 6 7

=@=—Target ==ll=Output
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Design 11

30
20
10

0 = = — — T

2 4 5 6 7 8 9
=¢=—Target === Output
Design 12
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2 4 5 6 7 8 9
=—@—Target == Output
Design 13
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=@=—Target ==ll=Output
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6. ZYMMEPAZMATA

MapatnpoU e HECW TWV YPAPLKWY TTAPACTACEWY ATIO TNV cUYKPLoN €£006WV
TOU SIKTUOU JLE TOUG aVTIOTOLXOUG OTOXOUG OG OUTO aKPpLBWG TTOU ETILOLWKOUUE,
TNV oUYKALoN dNAadH TwV TIHWV AUTWV He TNV BonBela tou NEUPWVLKOU Hag
Sktuou. BAémoupe o€ oplopéva ypadnuata BERata pia un akplfn taltion Twv
outputs pe targets, mpaypa to onoio dikatoAoyeitat §10tL To Neupwviko Siktuo
“mpoomnaBel” va emituxel autod akplBwg yvwpilovtag povo éva HEPOC TwV
debopévwy pag.

‘Evag tpomog nepaltépw PeAtiwong Twv anoteAeocpatwy Ba pnopouvoe va
elval n eloaywyn nmeploocotepwv SeSopEVwY Kol oTnV €lcodo tou Siktuou
(inputs) aAAa kat otnv €€060 auToU (outputs), Le ATTOTEAECHUA OL CUVAPTNOELG
HaG v €lval Lo OPOAG KATOVE LN UEVEC.

Mo peyaAltepn opwg dteukoAuvaon yvwpilovtag OTL Ta AMOTEAECUATA TOU
S1KTUOU pOG lval YpapULIKEG ouVAPTAOELG, Ba pmopouoav va meplypadoulV HoOvo
LE TNV KAlON TNG oUVAPTNONG LELWVOVTAC ETOL KATATIOAU TOV OYKO S€50UEVWV
Kata tnv £€€0d0, mpaypa mou Ba unmopoUaoe va YIVEL Kal YL TOUG 0TOXOUC LOC
(targets).
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